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NOVEL PROTEOLYTIC ENZYMES AND THEIR USE IN DETERGENTS 
Technicai Reld 



The present invention relates to novel proteolytic enzymes having imprcved properties for use in 
5 detergents. These properties include improved stain removing ability in laundry detergent washing composi- 
tions, improved stability in laundry detergents upon storage and improved stability in suds prepared from 
the detergents. 

70 Background of the invention 



Use of enzymatic additives, in particular proteolytic enzymes, in detergent compositions to enable 
removal of protein based soilings has been amply documented. See for example the published European 
75 Patent Applications (EP-A-) 0220921 and 0232269, U.S. Patents Nos. 4,480,037 and Re 30,602, and the 
article "Production of Microbial Enzymes", MicrobiaJ Technology, vol. 1 (1979) 281-311, Academic Press. 

Detergent compositions may be in a powder, liquid or paste form. T>jey contain one or more anionic, 
nonionic, cationic, zwitterionic or amphoteric compounds as the detergent active material. Such compounds 
are described at length in "Surface Active Agents", Vol. li by Schwartz. Perry and Berch, (nterscience 
20 Publishers (1958). Furthermore, they may include sequestering agents, stabilizing compounds, fragrance 
compounds and in some cases oxidizing agents, usually called bleaches. Detergent compositions are 
applied for hard surface cleaning, toilet cleaning, dish washing (either automatic or by hand) and laundry 
cleaning. 

Laundry detergents are generally divided into two major types, liquids and powders. Liquid laundry 

25 detergents have high concentrations of surfactants, neutral to moderately alkaline pH and generally do not 
contain bleaching agents. Powder detergents mostly have high alkalinity (sud pH 9-11); they contain 
sequestering agents like sodium tripolyphosphate and. depending on the washing 'habits of the countries 
where they are sold, they may or may not contain bleaching agents. 

Enzymes currently used in detergent compositions are added in liquid suspension, sol or granulate 

ao form. For example, in powder detergents the proteolytic enzymes are generally present in an encapsulated 
form such as prills (e.g. of Maxatase^ and Maxacal^) or granulates (e.g. of Savinase** and Aicalase*^). 
Maxatase and Maxacal are marketed by International 8io-Synthetics B.V. (Rijswijk; The Netherlands). 
Savinase and Alcaiase by NOVO Industri A/S (Bagsvaerd. Denmark). In liquid laundry detergents, enzymes 
are mostly present in solution. 

35 Proteolytic enzymes are generally difficult to combine with detergent compositions. They must be 
stable and active during application, for example in removing proteinaceous stains from textile during 
washing at temperatures ranging from about 10* C to over 60 'C. Furthermore they must be stable for 
prolonged periods of time during storage in the detergent producL Consequently, enzymes have to be 
stable and functional in the presence of sequestering agents, surfactants, high alkalinity, in some cases 

40 bleaching agents, and elevated temperature. As there exist neither universal laundry detergents nor 
universal washing conditions (pH. temperature, sud-concentration. water hardness) that are used all over the 
worid, the demands on enzymes may vary based on the type of detergent in which they are used and on 
the washing conditions. 

The conditions governing the stability of enzymes in powder detergents are generally not optimal. For 
45 example, during storage enzyme preparations in powder detergents, despite the apparent physical separa- 
tion of the enzyme from the detergent matrix by encapsulation of the enzyme, oxidizing agents from the 
detergent affect the protease and reduce its activity. Another cause of instability of the enzyme in powder 
detergents during storage, is autodigestion, especially at high relative humidities. 

Moreover, oxidizing agents oJten present in powder detergents have an important drawback on stain 
£0 removing efficiency during application in laundry cleaning by way of fixation of proteinaceous stains to the 
fabric. Additionally, these oxidizing agents and other detergent components, like sequestering agents, 
reduce the efficiency of the protease in stain removal also during the washing process. 

In liquid detergents there is experienced as an important problem rapid inactivation of enzymes, 
especially at elevated temperatures. As the enzymes are present in the detergent product in solution, this 
inactivation already takes place in the detergent product during normal storage conditions and considerably 
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reduces the activity of the enzymes before the product is actually used. In particular anionic surfactants, 
such as alkyi sulfates, in combination with water and builders, tend to denature the enzyme irreversably and 
render it inactive or susceptible for proteolytic degradation. 

Partial solutions for stability problems relating to enzymes in liquid detergents are found in adaptations 
5 of the liquid detergent formulation such as the use of stabilizing agents reducing inactivation of the 
enzymes. See EP-A-01 26505 and EP-A-01 99405. U.S. Patent No. 4,318.818 and U.K. Patent Application 
N0.2178055A. 

Another approach to ensure, stability of enzymes in liquid detergents is described in EP-A-0238216, 
where, physical separation between the enzyme molecules and the hostile liquid detergent matrix is 
10 achieved by formulation technology. In powder detergents alternative encapsulates have been proposed, 
see for example EP-A-Ol 703S0. 

in the aforegoing the conditions are summarized which proteolytic detergent enzymes have to meet for 
optimal functioning, as well as the limitations of the cun-ently available enzymes for use in detergent 
compositions. Despite tiie efforts to ensure enzyme stability in detergent composi tions. substantial activity 
75 toss is still encountered under normal conditions of storage and application. 

Identification and isolation of new enzymes for a certain intended application, such as use in detergents, 
can be performed in several ways. One way is screening for organisms or microorganisms that display the 
desired enzymatic activity, isolating and purifying tiie enzyme from tiie {micro)organism or from a culture 
supernatant of said (micro)organism, determining its biochemical properties and checking whetiier these 
20 biochemical properties meet the demands for tiie application, if the identified enzyme cannot be obtained 
from its natural producing organism, recombinant ONA techniques may be used to isolate the gene 
encoding the enzyme, express tiie gene in anotiner organism, isolate and purify tiie expressed enzyme and 
test whether it is suitable for the intended application. 

Another way of obtaining new enzymes for an intended application is tiie modification of existing 
25 enzymes. This can be achieved inter alia by chemical modification methods (see I. Svendsen. Carlsberg 
Res. Commun. 44 (1976), 237-291). In genera! tiiese meUiods are too unspecific in that they modify all 
accessible residues with common side chains, or tiiey are dependent on the presence of suitable amino 
acids to be modified, and are often unabie to modify amino acids difficult to reach, unless the enzyme 
molecule is unfolded. Therefore, the enzyme modification method through mutagenesis of the encoding 
.30 gene is thought to be superior. 

Mutagenesis can be achieved either by random mutagenesis or by site-directed mutagenesis. Random 
mutagenesis, by treating a whole microorganism witii a chemical mutagen or with mutagenizing radiation 
may of course result in modified enzymes. In this case strong selection protocols must be available to 
search for tiie extremely rare mutants having the desired properties. A higher probability of isolating mutant 
35 enzymes by random mutagenesis can be achieved, after cloning tiie encoding gene, by mutagenizing it in 
vitro or in vivo and expressing tiie encoded enzyme by recloning of tiie mutated gene in a suitable host 
cell. Also" in this case suitable biological selection protocols must be available in order to select the desired 
mutant enzymes, see International Patent Application WO 87/05050. These biological selection protocols do 
not specifically select enzymes suited for applicaton in detergents. 
40 The most specific way of obtaining modified enzymes is by site-directed mutagenesis, enabling specific 
substitution of one or more amino acids by any other desired amino acid. EP-A-0 130755 exemplifies the 
use of this technique for generating mutant protease genes which can be expressed to give modified 
proteolytic enzymes. 

Recentiy tiie potential of oligonucleotide mediated site-directed mutagenesis has been demonstrated 
45 tiirougb tiie use of mutagenic oligonucleotides synthesized to contain mixtures of bases at several positions 

witiiin a target sequence. This allows a number of different mutations to be Introduced at a specific part of a 

DNA sequence by using a single syntiietic oligonucleotide preparation as exemplified by (Hut et ai.. EMBO 

J, 3 (1984) 623-629, Matteucci et al., NucL Acids Res. n (1983) 3113-3121, Murphy et al., Nucl. Acids Res. 

120983) 7695-7700. Wells et at.. Gene 34 (1985) 315-323. Hutchinson et al„ Proc. NatiTAcad. Sci. USA 83 
so (1986) 710-714 and P.M. Ausu'bel, Current Protocols in Molecular Bio!og7 1987-1988, Greene Publishers 

Association and Wiley, Interscience, 1987. 

Stauffer et a|„ J. Biol. Chem. 244 (1969) 5333-5338 has already found that tiie metiiionine at position 

221 in Carlsberg subtilisin is oxidized by HjOj to methionine sulfoxide and is responsible for a dramatic 

decrease of the activity. 

55 As a result of both the methods of random and site-directed mutagenesis for generating modified 
enzymes, mutants derived from tiie serine protease of Bacillus amyloliquefaciens , also called "subtilisin 
BPN'^ were isolated and characterized. In WO 87/05050 a mutant subtilisin BPn' is disclosed witii 
enhanced tiienmal stability. In EP-A- 0130756 is described that site directed mutagenesis of methionine at 
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nosilion 222 in subtilisin BPN' by all 19 possible amino acids, using the soK:alled 'cassette mutagenesis" 
method mav result in enzymes resistant towards oxidation by HjOj. In the latter case, however, most 
muSts had loH oteolyti^activity. The best mutants found were M222A and M222S. which had speofic 
Ses of 53% aS 35%. respectively, compared to the native subOlisin BPN . see Estell et al.. J. B.ol. 

' ^"'^ioT^oIk^i gentfafng modified proteases shows that subtilisin BPN' mutants with altered ^bility 
properties and altered kinetic properties can be obtained: see the literature '^^f'^'^f.^^^^^ 

^ . (1987) 551-554, Bryan et al.. Protems 1 (1986) 326-334. 

C:::^:°L7^^. P^eSTE^giSgHU 319-325. Russell eTai: J. MC Bi^^ 193 (1987) 803- 

„ 819 SteTnd Kossiakoff. J. Biol. Chem. 26r(1986) 15480-154^5. and the reviews by Shaw. B.ochem. J. 
2JI"(S^Tl7 ^d Gait et al.. Protein EHgTneering 1 (1987) 267-274. However, none of these references 
sSe ed to the industrial pToduction of proteolytic enzymes with improved wash performance and stab.l.^ 
Sundry delergents. None of the modif.ed proteases have been shown to be of commercal value so far 
and superior to presently used detergent enzymes under relevant application conditions. 
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SUMMARY OF THE INVENTION 

In one aspect the present invention provides new mutant proteolytic enzymes, obtained by expression 
of genes encoding said enzymes having amino acid sequences which differ at least !"J'"«,»™"° J^^^ '"'"^ 
me corresponding wild-type enzymes. These mutant enzymes exhibit improved propert.es for aPP''"f°" 
detergents' faund-y detergents. A preferred embodiment of the invention .s cons^tuted by 

"TanlT^ef th^Son provides new enzymatic detergents, comprising a proteolytic enzyme 
croduct which contains at least one of such new mutant proteolytic enzyme. , . „, 

' In a fuSe aspect this invention provides a test system, which enables efficient "'f 
proteolytic enzymes .with improved properties for application in laundry detergents out of dozens of 
enzymes. Such enzymes are produced by expression of mutagenized protease -genes. ... 
These and oUier aspects of the invention will be further outiined in the detailed description hereinatter. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1A shows the construction of the mutation vector containing PB92 protease gene. 
FiiSFS IB shows schematically me mutation procedure used. 
Fi5U?5TC shows the construction of an expression vector containing a mutant PB92 protease gene. 
FigUFislA. 2B and 3 show Uie wash performance versus specific proteolytic activity of vanous PBSZ 

40 protease mutaiitT under different wash conditions. •„„ e^mnpnca of 

Figure 4 gives me nucleotide sequence of me PB92 protease gene and me ammo acid sequence of 

me encoded precursor enzyme. 



45 



DETAILED DESCRIPTION OF THE INVENTION 



By me temi "having improved properties" as used in mis specification in connection wim mirtart 
proteolytic enzymes- we mean proteolytic enzymes with improved wash performance or improved stability 
so wim retained wash perfomiance. relative to me corresponding wild-type protege. „ .^e 

The tern, "wash performance" of mutant proteolytic enzymes is defined in »h'S specification as the 
contribution of a mutant proteolytic enzyme to laundry cleaning additio nal to the effect of me detergent 
composition wimout enzyme under relevant washing conditions. ,^ v..t=ri„ washina 

The term "relevant washing conditions" is used to indicate me conditions, particularly washing 
55 temperature, time, washing mechanics, sud concentration, type of detergent and water hardness, actually 
used in households in a detergent mari<et segment. _ u., „«^ :„ ctain 

The term "improved wash perfomiance" is used to indicate mat a better end result is obtained in stain 
removal under "relevant washing conditions" or mat less mutant proteolytic enzyme, on weight oasis. 
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needed to obtain the same end result relative to the corresponding wiid-typo enzyme. 
^ The term "retained wash performance" is used to indicate that the wash performance of a mutant 
proteolytic enzyme, on weight basis, is at least 80% relative to the corresponding wiid-type protease under 
"relevant washing conditions'*, 
s The term "improved stability" is used to indicate better stability of mutant proteolytic enzymes in 
laundry detergents during storage and/or their stability in the sud, which includes stability against oxidizing 
agents, sequestering agents, autolysis, surfactants and high alkalinity, relative to the corresponding wild- 
type enzyme. 

Biochemical properties determined under well defined laboratory conditions are not reliable parameters 

10 to predict the performance of a particular detergent protease under desired and specified application 
conditions. These parameters include kinetic data measured on well defined substrates, such as proteins 
like casein, dimethyicasein and hemoglobin, or substituted oligopeptide substrates like sAAPFpNA 
(succinyl-L-alanyl-L-alanyl-L-prolyl-L-phenyl-alanyl-paranitrcanilide). Apparently other features of the prot- 
eases determine their efficiency in laundry cleaning. 

75 The present invention is based on the finding that although methods for introducing amino acid changes 
into proteins are available, which can effect major changes in their biochemical characteristics, prediction of 
the effect of specific mutations under actual application conditions is still very poor or even impossible. 

According to the invention a method has now been found, after extensive research and experimentation, 
which combines the preparation of mutant proteases with an efficient selection procedure on the perfor- 

20 mance of tiiese proteases. It is surprising that relatively largo numbers of enzymes can be efficientiy 
screened for performance in this way. 

The test system according to the invention is based on the removal of protease sensitive stains from 
test swatches in a launderometsr or tergotometer, imitating relevant washing conditions. Suitable test 
swatches are, for example, the commercially available £MPA {Edgendssische Materia! Prufungs und 

25 Versuch Anstalt, St Gallen, Switzerland) swatches, artificially soiled with proteinaceous stains. Relevant 
stains on swatches for testing proteases include blood, grass, chocolate stains, and other proteinaceous 
stains. 

Moreover, in this test system other relevant factors, such as detergent composition, sud concentration, 

. water hardness, washing mechanics, time, pH and temperature, can be .controlled in such a way that 

30 conditions typical for household application in a certain market segment can be imitated. 

Wash performance of proteases is conveniently measured by their ability to remove certain representa- 
tive stains under appropriate test conditions. This ability can be suitably determined by reflectance 
measurements on tiie test cloths, after washing with and without enzymes in a launderometer or ter- 
gotometer. The laboratory application test system according to the invention is representative for household 

3S application when used on proteolytic enzymes modified through DNA mutagenesis. 

Accordingly, Uie invention enables tiie testing of large amounts of different enzymes and the selection 
of those enzymes which are particularly suitable for a specific type of detergent application. In tiiis way 
"tailor made" enzymes for specific application conditions can be easily selected. 

Some bacterial serine proteases are refen-ed to as subtilisins. Subtilisins comprise the serine proteases 

40 of Bacillus subtilis. Bacillus amyloliquefaciens ("subtitisin BPn'"), and Bacillus licheniformis ("subtiiisin 
Carlsberg"). See tiie review by Markiand and Smith (1971) in "The Enzymes" (Boyer. ed.) vol. 3, 561-608. 
Academic Press, New York. Bacillus strains such as aikalophilic Bacillus strains produce other proteases. 
Examples of the latter category are the serine proteases in Maxacal, hereinafter also called P892 protease 
(from Bacillus nov. spec. PB92), and in Savinase, mentioned before. 

45 The amino acid sequence of the PB92 protease is shown in Rgure 4. The mature protease consists of 
259 amino acids representing a molecular weight of about 27000 D and has an iso-electric point in the high 
alkaline range, The activity on protein substrate of P692 protease is expressed in Alkaline Delft Units 
(ADU). The activity in ADU is determined according to the method described in British Patent Specification 
No. 1,353,317 except that tiie pH was changed from 8.5 to 10.0. Purified P892 protease has an activity of 

50 21,000 AOU per mg. The turnover number (kcat) measured on casein is 90 sec"^ 

The specific activity of purified preparations of subtilisin Carlsberg (Delange and Smith. J. Biol. Chem. 
243 (1968) 2184), amounts to 10,000 ADU/mg and of subtilisin BPn' (Matsubara et al.. J. Biol. Chem. 240 • 
(1965) 1125) to 7,000 ADU/mg. Besides tiie above-mentioned parameters sucFas specific activity and 
turnover number (kcaJ, PB92 protease distinguishes itself from proteases like Carlsberg subtilisin. subtilisin 

ss BPN' and other proteases formulated in detergents (e.g. Maxatase and Alcalase) in having a high positive 
charge, which can be visualized by gel-electrophoresis of the native protein as described hereinafter in 
Experimental Section 4. 

Since the PB92 protease is active in stain removing at alkaline pH-values. it is commonly used as a 
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needed to get the same wash P^'^''!^^''^^- , ^ pegg protease and all other known serine 

Sensitivity to oxidation is an important J^^^ J 8,^,. chem. 244 (1969) 5333-5338: 

Experimental Section 7 and Exaniple 1). . for the production, screening and 

selection 01 mumt J"' ,„„j,<, a iortvod Iroo. . w«d-wo gono oC an 

prateasos. Soch moams I"' JSpBS? wTo muttnB !leri.«I Iron, tie alkalophillc Bacillus seHne 
,,,»,oph..c 5^s«,n jnj 1-**^^^^^^^^^ ,„ „nSE..n 0. 

,.ci„r„r?ofra:?.^s^5^^^^^^ 

Trrolase f de iv^^^^^^^ uch as a BacL strain, preferably an alkalophi.ic BaciHus strain 

Expression of the P^^^^^^^^^^ DNA regulating transcription and uanslation of the 

Prooer^v^^^^^^^^^ to replicate at sufficiently high copy numbers in the host s rain of 

original geno if this is functional in the host strain o« choice developed which are 

According to an aspect of the invention suitable wash performance tests can . . ^ 

foSd built detergent was used containing TAED and perborate at a sud concentration of 4. 7 or 10 g 

"x:s^i;;^pi": whi. .....^^.^o. 

are commonly used at sud concentrations ranging from 15-5 g <^e»^;9enW at 5 p 
between IS and 40* C. More specifically non-bleach ^uid <^^^^^^^9;"\."^^^^^^^^ Sgent conditions, 
concentration of 1.S g detergent/1. S GH.at25 C^and 40 C. Representing U.SJ.qu.^^^^^ 9 
and a sud concentration of 5 g detergents IS GH at 40 C. representing European liquid g 



conditions. 
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Proper performance assays can be developed for other conditions met in the market. Test swatches 
soiled with protease sensitive stains, particularly swatches soiled with biood, grass, chocolate stains and 
other proteinaceous stains, more specifically the EMPA test swatches 116 and 117, are employed in 
representative wash performance tests, 
s The properties of the naturaily occurring or naturally mutated detergent proteases may b© enhanced by 
introducing a variety of mutations in the enzyme. For the most part, the mutations will be substitutions, 
either conservative or non-conservative, but deletions and insertions may also find use. 
For conservative substitutions the following table may be employed: 

TO 

Aliphatic 



neutral 

75 

non-polar G, A, P U I, V 
polar C. M. S, T. N. Q 



20 charged 

anionic D,E 
cationtc K, R 

25 

Aromatic 
F. H. W, Y 

where any amino acid may be substituted with any other amino acid in the same category, particularly on 
30 the same line. In addition, the polar amino acids N, Q may substitute or be substituted by the charged 
amino acids. For the purpose of the subject invention, substitutions resulting in increased anionic character 
of the protease, particularly at sites not directly involved with the active site are of particular interest. 

Regions of particular interest for mutation are those amino acids within 4 A distance from the inhibitor 
molecule Eglin C, when Eglin C is bound to the active site. 
35 The following numbering is based on PB92 protease, but the considerations are relevant to other serine 
proteases having a substantiaily homologous structure, particu larty those having greater than about 70% 
homology, more particularly, having greater than about 90% homology. These positions will be 32, 33, 48- 
54. 58-62, 94-107, 116, 123-133, 150, 152-156, 158-161. 164. 169, 175-186, 197, 198, 203-2f6, most of 
these positions being available for direct interaction with a proteinaceous substrate. Usually, the positions 
40 32, 62, 153 and 215 will not be substituted, since mutations at these sites tends to degrade wash 
performance. 

Positions for substitution of particular interest include 60, 62, 94, 97-102, 105, 116, 123-128, 150, 152. 
153, 160, 183, 203, 211, 212. and 213-216. At some positions there will be an intent to change an unstable 
amino acid, e.g. methionine to an oxidatVely more stable amino acid, e.g. threonine, while maintaining the 
45 general conformation and volume of the amino acid at that site. In other situations, it is found that by 
replacing the natural amino acid with almost any other amino acid, improved results may be obtained, 
particularly replacing the hydroxy lated amino acids. S, T. with a polar or non-polar amino acid, or even an 
aromatic amino acid. 

Substititions of particular interest include: G1 15 I, V. t 



so S126 


any amino acid 


P127 


any amino acid 


S128 


any amino acid 


Si 60 


anionic or neutral aliphatic or R 


A166 


charged, particularly anionic 


55 Ml 69 


neutral aliphatic, preferably non-polar 


N212 


anionic 


M216 


aliphatic polar, particularly S. T, N, Q 



Surprisingly, while many of the mutations result in lower specific activity of the protease with common 
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substrates, wash performance is comparable to or enhanced in relation to the natural enzyme and in many 
cases storage ^J^^;;^^;^^^;^^^ pegs n,utant proteases, when expressed as the inverse of the 
re,ar a^ntCer^m^^ nlceTsaVto achieve the same e«ect as with the na«ve proteases x 100%. is 

n^rr rarJaS^ct r^tXV:27:e^::^^^ ^ prided which Show a bener 
, J^L fStl in a DoS detergent composition containing bleaching agent than the natve PB92 
preSe-trr^inr^^^^ U-ance. Examples of such mutants are M216S and M216Q and 

--^i rrt^rrerrr rerit^r^u^^^^^^ a ...d 

ro"a:r^^^^ the giod wash ^^^^^^^^-^^ ^ZoZ^^l 

N212D and S160D with the stability properties of. for example. M216S or M2 60. The IS1600. M21651 
™„f^nt fnr Ayamoia shows improved wash performance and better storage statiility. 

uiL rrnt mt^^^^^^ by combining any of the mutations or sets of mutations descnbed m 

thisSc car B^^^^^^^^^ ^pTssible to combine'useful mutations as ^^^^closed herein ^^^^ muta.ons at 
other sites which may or may not cause a substantial change in the properties of the enzyme. 

^r e ;ed embodLents of the present invention are the following PBJf P;^^^^^^^^^ 
fMPiRm- fN2l2DV fSieODl- [S160Q. N21201: [S160D. M216Q]; [S1600. M216S1: [A1660. ^169^. tGliev. 
S^2BV P127E S^^^ 51281]; [Q116V. S126L P127N. S128V1: tGl^f ■ S126U 

P 27Q Slm li^'^^^S^^^^ P127M1; [G116V. S126H. P127Y]: [ei16V. S126R. P127S SI^P]: 
[G116V ll'eJ Pl27i]: tGll6V. S126F. P127U S128T]: [S126M. P127A. S128G1: [S126M. P127A. S128G. 

^'''^-Z^rZ'!^^^:^^^^^^ «n this invention for obtaining new proteases suited 

To '"f^'^.^y^® '^9""'':^^^^^ i by using representative laundry application testing as primary 

is^Sezr^^^^^^^^^^^^ 

biochemical parameters as usually detem^ined in protein biochemical and 
results allow me conclusion that any relation between P-^^'^^'f ^f^^^f^^^^^^^^ 
and kinetics of the proteolytic reacUon and wash performance .s absent see ^^^^ '^l^^^^^^Xs in one 
Therefore it is of course also possible to combine two or more mutants with different properties m one 
enzyrp'od;;; or 1^^^^^ same washing process. Such combina^on may or may not have a synergistic 

"'''"The invention comprises also the use of one or more mutant proteolytic enzymes, as defined 
hereinbefore, in a detergent composition or in a washing process. Doiypeptide 

Rnally. it will be clear that by deletions or insertions of the ammo acids m the ^'^^^^^''^^^^^^ 
chain, either created artificially by mutagenesis or naturally occumng m P™te«" ^^^^^^ '^ f S/^ 

protease, the numbering of the amino acids may change. However .t .s to unde«tood that positions 
homologous to amino acid positions of PB92 protease will fall under the scope o the claims. 

The following Examples are offered by way of illustration and not by way of limitabcn. 



EXPERIMENTAL SECTION 



Materials and methods 



55 



Construction of PB92 protease mutants 
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The basic construct from which the mutagenesis work started, is referred to as pM58 in detail described 
in EP-A-0283075, 

The strategy followed comprised three phases: 
a. Construction of mutagenesis vector M13M1 
5 b. Mutation procedure 

c. Construction of pM58^Eco and subcloning of the mutated ONA fragment in this vector. 



TO l.a. Construction of mutagenesis vector M13M1 

The basic construct pMSS was digested with restriction enzymes Hpal and Ball. The 1400 bp fragment 
containing the PB92 protease gene was purified on low melting agarose (Maniatis, Molecular Cloning, A 
Uboratory Manual. Cold Spring Harbor, 1982). 
rs Vector M13MP11 (Messing et ai., Nucl. Acid. Res. 9 (1981) 303-321) was digested with Smal. The 1400 bp 
DNA fragment in question wariigated into this vector and transfected to E. colt JMiOl according to the 
procedures described by Cohen et al., Proc. Natl. Acad. Sci. USA 69, (1972) 2110-2114. 

After phage propagation in E. coji JM101, ssDNA was isolated (Heidec{<er et a!., Gene 10. (1980) 69- 
73), the insert and its orientation was checked by DNA sequencing using the method described by Sanger, 
20 Proc. Natl. Acad. Sci. USA 74 (1977) 6463. 

The vector suitable for mutagenesis was obtained and named M13M1. The procedure described above 
is schematically depicted in Rgure 1A. 



25 1.b> Mutation procedures 

Mutagenesis was performed on M13M1 using ssDNA of this vector and dsDNA of M13mpi9 (Messing 
et al. Nucleic Acids Res. 9, (1988) 303-321). which latter vector was digested with the restriction enzymes 
EcoRI and Hindlll. followed* by purification of the large fragment on low melting agarose. 
30 Mutagenesis was performed as described by Kramer et al.. Nucleic Acids Res. 12. (1984) 9441-9456 
with the modification that E. coii JM105 instead of E. coli V^KZQ-Z was used to select for mutants. 

The length of the oligonucleotides used to create the specific mutations was 22 nucleotides. Region 
specific mutation used to create several mutations at the time in a specific ONA sequence, was performed 
using an oligonucleotide preparation with a length of 40 nucleotides with all four nucleotides randomly 
3S incorporated in the sites corresponding to the amino acid(s) to be mutated. 

After mutagenesis potential mutants were checked on having the relevant mutation by sequence 
analysis using the dideoxy method of Sanger, see above. The entire single strand gap (see Figure IB) was 
sequenced to check the absence of secondary mutations. The procedure is schematically shown in figure 
IB. 

40 The described procedure is useful to generate DNA fragments with mutations in the 3 part of the 
protease gene (amino acids 154-269). 

It will be evident to those skilled in the art that, in order to generate DNA fragments with mutations in 
the s' part of the protease gene in a Bacillus vector, alternative restriction enzymes can be used and 
modified PB92 proteases genes can be constructed analogous to the method of Figure lA. 

45 

1 .c. Construction of pM583Eco and subcloning of DNA fragments containing the mutations in mis vector - 
(Fig.lC) 

50 To construct PM585Eco, pM58 was digested with restriction enzyme EcoRI and tigated with T4 ligase 
under diluted conditions. The ligation mixture was used to transform B. subtilis 1-A40 (Bacillus Genetic 
Stock Centre. Ohio) according to the method of Spizizen et al„ J, Bacteriol. 81^ (1961) 741-746. 

Cells from the transformation mixture were plated on minimal plates containing 20 ug/ml neomycin as 
described in Example 1 of EP-A-0283075. 
55 Piasmid ONA of transformants was isolated according to the method described by Birnboim and Doiy. 
Nucleic Acids Res. 7 (1979) 1513-1523 and characterized by restriction enzyme analysis. In this way 
pM585£co was isolated (see Rgure 1c). 

To produce mutant enzyme, the ONA fragments of M13M1 containing the desired mutations generated 
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as described in section l.b. were subcloned into pMSSaEco. dsDNA of M13M1 (descr.bed above) was 
SLsted wis, EcoRTand ligated into the EcoRI site of pMSWEco. The l.gaton mixture was used to 
SirjSs DB104. D01. J. Bacteriol. (1984) 160. 442^. using the method of Spiz.zen et al.. see 

Cells from the transformation mixture were plated on minimal plates containing 20 ug/ml neomycin and 
04-'o «ser(EP-A-0283075). DNA of protease producing transformants was isolated according to the 
mthod deTcribed^r^^^^^ and Doly. (see above) and characterized by restriction enzyme analysis. 



10 2. Production of mutant proteases 



75 



20 



25 



30 



35 



40 



50 



55 



Transformants of DB104 which were determined to contain the vector with the mutated Pf°te«e gene 
Transiomanis oi containing 20 ug/ml neomycin and incubated for 24 

ZsTtJ^^ ^^aJiples l^r^^^^ ml) weri inoculated in 500 ml shake flasks containing 100 ml 

hours at 37 C. famp^es o, me cJi k ^ caCIa.SHjO. 2.25 g/l MgCb.SHjO. 20 

'^^ZioXoT^^c^^l^^^^ ° = ''''' ^ 

^^KcS^ ?o? ef htstrcS . aera.on^ P.tea. ac..ty o™™^^^^^^^^ 

were ^iso grown a? ar'C in aerated fermentors of 10 1 volume or more, using essentially the same 
production medium as used for the shake flasks. 

The broths obtained were used for protease purification. 

3. Purification and concentration of wild-tvpe PB92 protease and its rnutants 

The mutant and wild-type PB92 protease produced by Bacillus subtilis DB104 in shake flasks or 10 I 
fermerJorwTre Surified by cation exchange chromatographylSg-z5ti:Prep« disks or cartT'dges (PS- 
l!n?LKB) Fei^enS broth was centrifuged (SOOOxg. 10 min) and the supernatant diluted 10-fold with 
!n „;i?„Lm^hSaVbu«er pH 5.5 and subsequently loaded onto the cation exchanger. After washing 
1 sever cartS vSume^^^^^^^^ buffer, the protease was eluted by including 0.4 M NaCl u.to e 
ToS^^e tXTr^ctio<^s containing protease activity were pooled and concentrated by "'tr»on 
Sinn i Amicon stirred cell equipped with a PM-IO filter. The NaCI concentration was reduced to 
approxLtTsOmM bTdiS^^ ^'concentrating «.e protease solution with phosphate buffer, after which 
it was stored at -80 * C at protein concentration between 1-10 mg/mi. ,«.^^„ta 

Alternative y. for the r'ecoveiv of the PB92-protease mutants from the broti^s of '^^"^/"i^; 
•ions CaCI, fl% w/w) and acetone (30% w/w) were added. After filtration to remove the cell mass the 
c^tease was pi^^^^ the obtained filtrate, by addition of 0.2-2% (w/w) of CaS0*.2H,0 and by 

Sr^:mon 7'SS.s to a final concentrafion of >60% w/w. The precJHate was separated by filtration 
and sparged with acetone followed by drying, to give a crude enzyme powder (CEP). 

4. Analytical techniques to check the purity of purifjgd proteases 

Proteases were considered pure when one band or peak was found wittn electrophoresis and high 
performance gel electrophoresis (HPLC), respectively. ,„,ohate (SOS) was 

Polyacrylamide gel-electtophoresis (PAGE) in «ie presence of sodium fjlecyl sulphate (SDS) was 
carried out according to Laemmli. Nature. 227 (1970) 680-685. Denaturation of the protein sarnples by SDS 
a^ 00- C ^ever must be precededT^ inactivation of the protease activity in order to prevent 

t degrada ca^ be dU by incubation witi, phenylmethylsu.fonyl fluoride ("f ^ (^-^^^^ 

room temperature) or precipitation witt. trichloroacetic acid (TCA 8% 30 mm on ice^ Najv« ^AG^^^ 
carried out at pH 7.45 (gel buffer consisting of 20 mM histidine (His) .^"^^.^^ ^.^ Jj^^'J^^ 
propanesulfonic acid (MOPS) in 5% polyacrylamide gels (ratio of ^^'^'^^jf ';^f;^L7;?3^^^ 
samples were loaded on top of slab gels and electrophoresed towards the 'i^^^^'!^- yrVn^50 V^ the 
buffer was used as electrophoresis (tank) buffer, but at pH 6.3. ^^^^ /'^f "P'^^^^j^V^"' coomassTe 
gel was soaked in 8% acetic acid to fixate the proteins in tiie gel and subsequently stained with Coomass.e 
Brilliant Blue R250 and destained according to standard procedures. 
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The purity check by HPLC made use of a cation exchange column (MonoS-Pharmacia Rne Chemtcals) 
and a ge) filtration column (TSK 2000 SW-LKB). The fomier was run in a 10mM sodium phosphate buffer 
pH 5.5 and eiution of the bound protease was obtained by a linear gradient of 10-300mM sodium phosphate 
pH 5.5. The gel filtration column was run in 0.25M sodium acetate pH 5.5. 

5 

5. Detenmination of the protease concentration 

For the determination of the protein concentration in a purified protease solution, use was made of 
TO i) extinction measurements at 280 nm using the calculated extinction coefficient (€m)i and 

ii) active site titration. 

The extinction coefficient at 280 nm was calculated from the number of tryptophans (€m = 5,600 
M"\cm~^) and tyrosines = 1.330 M"',cm"0 per enzyme molecule. For PB92 protease the cm was 

IS 

26.100 M*'.cm-' (3 Trp. 7 Tyr residues) equivalent to Ej cm measured at 280 nm = 9.7 (M^ = 
26,729 Da), was used, tn case of mutants with an altered number of Trp's and Tyr's, corrections were made 
accordingly. 

An estimation of the number of active enzyme molecules was obtained with an active site titration. 

20 Since the widely used method with N-transcinnamoylimidazole (M.L Bender et al.. J. Am. Chem. Soc, 88. 
(1966) 5890-5931) proved not to work satisfactorily for PB92 protease, we developed a method using PMSF 
instead. Hereto, a protease solution with estimated concentration (from the 280 nm absorption) was mixed 
with 0.25, 0.50, 0.75, 1.00 and 1.25 equivalents of PMSF,. respectively, and allowed to react for one hour at 
room temperature in 10 mM sodium phosphate pH 6.5. The enzyme concentration has to be at least 50 

25 uM. 

Residual activity was measured spectrophotometrically using succinyl-L-alanyl-L-alanyl-L-prolyl-L- 
phenyi-alanyiparanitroanilide (sAAPFpNA) as a substrate (see below). The purity (and hence concentration) 
of PMSF was determined by NMR-spectroscopy and stock solutions were made in isopropanol. The result 
of the active site titration was found to be in agreement with the results from the purity check with HPLC. 

30 

8. DeterTTiination of kinetic parameters of wild tyre and mutant proteases 

r. Activity on protein substrates (casein) was measured at pH 10.0 as described in British Patent 

35 Specification 1,353,317 (expressed in ADU'S = Alkaline Oelft Units). 

2* . The turnover number with casein as substrate was measured in a pH-stat. The reaction chamber 
of the"pH-stat (Radiometer, Copenhagen) contained 10 ml 0.1 M KCI with 50 mg casein (Hammerstein. 
Merck). Protons, liberated upon hydrolysis of casein by PB92 protease were titrated with 10 mM NaOH 
while the pH was maintained at lO.Q (at 40* C and under a flow of nitrogen gas). 

40 3*. Activity on synthetic peptides was measured using sAAPFpNA. The (yellow) paranitronanilide 

(pNA) formed was measured spectrophotometrically at 410 nm: €m - 8,480 M"'. cm"', (E.G. Oelmar et at., 
Anal. Biochem. 94 (1979) 316-320) with a UVIKON 860 (KONTRON) spectrophotometer equipped with"'a 
thermostatted six-position cell changer. The kinetic parameters kcai and were obtained from initial rate 
measurements at various substrate concentrations (for PB92 protease from 0.1-6.0 mM) fitting the data to a 

45 hyperbolic function using non-linear regression with the multivariate secant Iterative method. The specificity 
constant was kcaJKn was calculated. Measurements were carried out at 25' C in a final volume of 1 ml 
containing 0.1 M TRIS-HCI + 0.1M NaCl pH 8.6. The sodium chloride was necessary since in its absence 
PB92 protease showed non-linear Uneweaver-8uri< plots, what could have been caused by substrate 
inhibition. The substrate was first dissolved In DMSO to a concentration of 200mM and subsequently diluted 

so with 0.1 M TRIS-HCI pH 8.6 to give a stock solution of 20mM (determined spectrophotometrically at 315 
nm; cm - 14,000 M*^cm"^). No conrections were made for the varying Concentrations of OMSO (0.05-3.0 
% v/v). 



55 7, Oxidation of PB92 proteases 

The sensitivity of the PB92 proteases for oxidation by HjOj was tested according to the method 
described by Eslell et al., J. Biol, Chem. 260 (1985) 6518-6521, except that: 
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i) 20 mM H202 was used instead of 100 mM, and 

ii) 20 mM sodium perborate combined with tO mM TAED was used as an additional oxidant 



8. Wash performance test 

P892 protease mutants were tested in a specially developed washing test, using cotton and 
polyester/cotton swatches, soiled with milk, blood and ink (5.0 x 5,0 cm, obtained from EMPA, St Gallen. 

10 Switzerland and designated with the numbers 116 and 117). 

The washing tests were performed in an Atlas Launderometer LEF-FC, equipped with stainless steel 
test vessels each containing a defined detergent composition plus the protease to be tested (PB92 protease 
mutants or PB92 protease). Unless stated otherwise the tests were carried out for 30 minutes at a desired 
temperature. After washing, the swatches were air-dried and the reflectance of the test cloths was measured 

75 at 680 nm with a Photovolt photometer (Model 577) being equipped with a green filter. Reflectance data 
measured on the test swatches washed with detergents containing the respective PB92 protease mutants 
were compared with reflectance data of a comparable series of measurements with detergents containing 
PB92 protease. Wash performance values of the mutant proteases were calculated by dividing the amount 
of protein of PS92 protease (mg) by the amount of protein of mutant protease (mg) which was needed to 

20 achieve the same reflectance, x 100%. 



EXAMPLE 1 

25 A. The wash performance of various PB92 protease mutants in European powder detergents was 
deteTmined according to the method described above. 

Stainless*steel test vessels, each containing a stated amount of powder detergent lEC, dissolved in 250 
ml water of 15* GH, were each loaded with two cotton and two polyester/cotton swatches. The composition 
of the powder detergent (EC was as follows: 



Component 


wt% 


Uneair sodium alkyi benzene sulphonate (mean chain length of alkane chain 011.5) 


6.4 


Ethoxylated tallow alcohol (14 EG) 


2.3 


Sodium soap 


2.8 


Sodium tripolyphosphate (STPP) 


35.0 


Sodium silicate 


6.0 


Magnesium silicate 


1.5 


Carboxy methyl cellulose 


1.0 


Sodium sulphate 


16.8 


Sodium perborate tetrahydrate 


18.5 


TAED 


1.5 


Miscellaneous + water 


up to 100 



To each vessel a selected purified PB92 protease mutant was added in a concentration varying 
bet//een 0 and 1.74 mg (purified) protease per liter sud. One vessel was used for testing PB92 protease in 
the same way, for comparison. The washing tests were cam'ed out at 40* C. The results are shown in Table 
1. 
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»o.t was raoeated at 25' C with the same detergent containing some of the 
as described above. The results are shown in Table 2, 



Table 2 



70 



20 



25 



30 



Wash performance of PB92 
protease mutants at 25* C in 
STPP containing powder 
detergent, relative to PB92 
protease (%). 



Protease 


Wash performance (%) 


Detergent 
concentration in the 
sud 


4g/l 


7g/l 


M216S 


90 


80 


M216Q 


95 


80 


N212D 


250 


135 


S160D 


185 


120 



Table 3 



05 



40 



45 



Wash performance of PB92 protbase mutants at 
25' C and 40* C in a non-phosphate bleach 
containing European powder detergent, relative 



Protease 


Wash performance (%) 


Detergent concentration in the sud 


4g/l 


7gA 


4g/i 


7gA 


temperature 25 C 


temperat 


ure 40' C 


M216S 
M216Q 
N212D 
S160D 


80 
80 
170 
170 


85 
60 
105 
105 


100 
120 
200 
230 


90 
100 

75 
165 



50 EXAMPLE 2 



55 



PB92 protease mutant M216S was tested on storage statjnjr in the P-^J^JS^^fi^^Sumi^^^^^^^ 
Example 1. Storage stability was investigated .n c^'^ZcT 



15 



EP 0 328 229.A1 



• ■ « --^i^c «« n <; fo 1 mm in diameter were sieved out and used (or storage tests in detergents. 
part,cles.Part.c^sofO.S 0 1 mm-naa ^^^^^ ^ concentration of 6140 AOU/g 

. ? ° *^LLTi8 r^ vlarPr^^^^^^ Protease was stored under the same conditions, 

r^rrs a^d 6 weeks ISl "'dual activist/ of tf,e proteases was measured. The results are shown in 

Table 4. 

Table 4 



70 



TS 



Residual activity of PB92 protease and its ^ 
mutant M216S after storage (in weeks) at 30 C 
and 80% RH in powder detergent. 


Protease 


Residual activity (%) 


0 w 


2w 


4 w 


5 w 


6 w 


PB92 protease 


100 


25 


5 


3 


2 


M216S 


100 


68 


31 


20 


11 



20 



EXAMPLE 3 



25 



30 



35 



40 



45 



PB92 protease and various PB92 protease mutants were tested on ^^^fj''^^'^'^ 
detercent m the storage stability lest the proteases were used in an encapsulated form. 
Te Uease P^^^^^^^ were made by mixing the fol lowlr,g components at 80 C: 



a powder 



Component 


wt% 




50 


Ti02 


2 


protease (CEP) 


7 


PVP« 


1.5 


BHT- 


1 


Na2S04 


balance 



ethoxylated with 50-80 ethylene oxide (EO) groups. 

- pvP = polyvinyl pyrrolidone K17 

- BHT = 2,6-bis{t-butyl)-4-methylphenoL 

powder used did not contain enzymes or bleaching agents. -xn' r and 80% RH. In 

The enzyme/detergenvsodium perborate tetrahydrate mixture was incubated at 30 C and 
Table 5 the residual activity after storage for the indicated period of time .s given. 



so 



55 
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Tables 



Residual activity of PB92 protease and 
some of its mutants after storage (in 
weeks) at 30* C and 80% RH in a bleach 
containing powder detergent 


Protease 


Residual activity (%) 


Ow 


1 w 


3 w 


5w 


PB92 protease 


100 


51 


25 


15 


M216Q 


100 


94 


84 


52 


M216S 


100 


89 


83 


50 


SI 600 


100 


47 


20 


9 


N212D 


100 


59 


31 


19 



20 



2S 



30 



EXAMPLE 4 

days of the storage period. ^ increased, so the system reached its 

^s^^n: ™. .^p. . ..=..™. rh „ 

^' S£ iE^e, « «-ca« P... s»a,e .e.«, ^ 

Table 6 



35 


Residual activity of PB92 protease and 
some of its mutants after storage at 30 
and 80% RH in a bleach containing 


'C 




detergent 












Protease 


Residua! activity (%) 


40 




0 w 


1 w 


2 w 


3 w 


45 


PB92 protease 
M216Q 
M216S 
SI 600 


100 
100 
100 
100 


27 
63 
55 
23 


22 
53 
49 
18 


14 
44 
31 
13 



50 



EXAMPLE 5 



The following liquid detergent composition was prepared: 



55 
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IS 



Component 



Cio-Ci3 linear aJkylbenzene-sulfonic acid 

Ci3 alcohol polyethoxylate, 8 EO 

lauric acid 

oleic acid 

triethanolamine 

1 ,2 propanediol 

ethanol 

sodium citrate 

diethylenetriamine-pentaacetic acid 
calcium formate 
sodium" formate 
borax 

NaOH. 25% w/w solution 
water 



Wt% 



12 
13 
8 
4 
6 
6 

5 

4 
0.3 
0.12 
1 

1.9 

to pH 11.2 
balance 



PB92 protease and various PB92 protease mutants were added to this composition in an amount to 
tirovide an initial orotease concentration of 0.13% w/w. ^ ^ 

'° Protease sta-Dility (in % of residual activity) was determined after storage of the protease contammg 
composition at 37* C for the indicated number of days. The results are shown in Table 7. 



Table? 



Residual activity of PB92 protease and some of 
its mutants after storage at 37* C in a liquid 
detergent compos'ition. 


Protease 


Residual activity (%) 


Od 


5d 


11 d 


15 d 


21 d 


PB92 protease 


100 


23 


10 


5 


3 


S160D 


100 


57 


30 


14 


8 


M216Q 


100 


59 


32 


18 


9 


M216S 


100 


45 


18 


10 


5 


N212D 


100 


38 


14 


9 


•4 



40 



EXAMPLE 6 



PB92 protease and some of its mutants were fomiulated as follows. With each protease a mDcture was 
-tfs made consisting of the following components: 



50 



55 



Component 


Wt% 


Amylogum CLS 


45 


sucrose 


23 


sorbitol 


17 


glycerol 


4 


paraffin oil 


3 


NaHjPO* 


0.5 


protease (CEP) 


5.0 


PVP K17 


1.5 


Ti02 


1 
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""■Z^^ 0« -3) - " """"" " 

,„d pucea in M "I „tt^„, ins. aetermlnecl tfl=r storag. ol ft. «aB at SO" C and 

Table 8 



10 



TS 


Residual activity of granulates of PB92 
protease and some of its mutants atter 
storage at 30* C and 80% RH in 
deteraent. 




Protease 


Residual activity (%) 






0 w 


1 w 


3 w 


5 w 


20 


PB92 protease 

M216Q 

M216S 


100 
100 
100 


45 
93 
90 


29 
66 
70 


17 
45 
41 



25 



EXAMPLE 7 



30 



P„,« ^ o, P=ia P-otaaae an. s,™ o, ». — , ... P.«"ca. .r. -a..." 
ana bleach as tfescrlb.d In E-amPl. =■ ,^ , oetemined al 30' C and COMK 

Table 9 



35 



40 



45 



Residual activity of prilled products of 
PB92 protease and some of its mutants 
after storaqe at 30* C and 60/80% RH. 


Protease 


Residual activity (%) 




0 w 


1 w 


3 w 


5 w 


PB92 protease 

M216Q 

M216S 

S160D 

N212D 


100 
100 
100 
100 
100 


70 
98 
93 
67 
75 


34 
88 
87 
35 
53 


15 
67 
48 
10 
26 



50 



55 



EXAMPLE 8 



3„n*a c,n«ln, PB.S p™»aa. ana ao™ I» ~an» P'-»^ 
and bleach as described in Example 6. determined after incubation for the 

«,crsrar.s rcra^^H'-^^icjrc - a„a . n™.. 
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alternatingly. The results are shown in Table 10. 



Table 10 



10 



IS 



20 



25 



Residual activity of granulates of PB92 
and some of its mutants after storage at 
30* C and 60/80% RH. 



Protease 



PB92 protease 

M216Q 

M216S 



Residual activity (%) 



0 w 


1 w 


3 w 


5w 


100 


54 


39 


28 


100 


93 


81 


67 


.100 


99 


87 


72 



• EXAMPLE 9 

, 'i. mutants were tested on storage stability in a bleach containing powder 



30 



35 



40 



45 



Component 


wt% 


Nonionic * 
T1O2 

protease (CEP) 
NazSOi 


45 
2 
10 

balance 



groups) 



Th« ,h=v« mixture was allowed to cool to room temperature. The solidified mixture was ground into 
The above mixtu e was aiiowea w ^^^^ expenment. 

S^^s^nrm^ ^orr rr;prS;irperb^ teU.ate mlxt^es were 
'""X%1orag?t:;Ti: 2"or 4 weeks the protease stability, in terms o, % residual activity, was 
determined for each protease. The results are shown in Table 11. 



55 
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Table 11 



Residual activity of PB92 protease and^ 
some of its mutants after storage at 30 C 

and 80% RH in a bleach containing powder 


detergent 










Protease 


Residual activity (%) 




0 w 


1 w 


2 w 


4 w 


PB92 protease 
[S160O, M216Q1 
(S160D, M216S] 


100 
100 
100 


61 
78 
86 


36 
58 
68 


12 
35 
39 



75 

EXAMPLE 10 



20 



ml water of 5* GH in the Launderometer vessel. 



25 



30 



05 



40 



1 Component 


wt % 


lauric acid 

oleic acid . 

Co-C: linear alkylbenzene sulphontc acid 

Ci3 alcohol polyelhoxylate. 8 EO 

trtethanolamine 

1 .2 propanediol 

ethanol 

sodium hydroxide. 45% w/w 
sodium citrate 


8 
4 

12 
13 

6 
6 
5 
4 
4 

^ up to 100 


(pH of the sud 7.2) ^ 1 



Example 1. The results are shown in Table 12. 



45 



50 



55 
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Table 12 



70 



75 



20 



25 



Wash performance of PB92 protease mutants at 25 C in 
a liauid detergent 


Protease 


Wash 
performance 


Specific activity relative 
to PB92 protease (%) 


21 2D 
160D 

S160G. N212D 

M216S 

M216Q 


+ 
+ 

0 
0 


100 
73 

.76 
40 
37 


0: 100% i 20% wash performance relative to t-baii 
protease (retained wash performance). 
+ : >120% wash performance relative to PB92 protease. 
- <80% wash performance relative to PB92 protease. 



respectively. Wash performance was dete""'"®^/^^,f or 4g o. u 
descfibed-in Example 1. The results are shown m Table 13. 



Table 13 



30 



35 



40 



45 



SO 



wash performance of PB92 protease mutants in Tide. VVisk and 



Protease 


Tide 1 


Wisk 


Ariel 




25-C 


40' C 


25'C 


40*C 


40' C 


N212D 


+ 


+ 




+ 


0 
+ 


S160O 


+ 


+ 


+ 


+ 




M216Q 


0 


+ 


0 


+ 


+ 


M216S 


NO 


0 


0 


0 


0 


S160Q 










0 


S160N 












S160K 












S160A 










+ 


S160D. M216Q 


+ 


+ 


+ 


+ 


0 


S160D, M216S 


0 




+ 


+ 




M117U M216Q 


NO 




ND 




0 


M117U M216S 


NO 




NO 







ND = not determined 

0: 100 t 20% wash performance relative to PB92 protease. 
+ : >120% wash performance relative to PB92 protease. 
<80% wash performance relative to PB92 protease. 



55 



EXAMPLE 11 



T.e wash performance of PB92 protease mutants ^J^^^JJ^^'ITZ:^^ 
machine test by TNO. DelK. the Netherlands (Cleaning Techniques Researcn insuiuie, 



22 
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.anceoft^ese mutants was compared v^^^^^^^^^ ^^.007% w^w). Based on 

All proteases were dosed m itu uei« y 
activity these dosages yielded: 



70 



IS 



PB92 protease 
M216S 
M216Q 
SI 600 
N212D 



1460 ADU/g detergent 
679 ADU/g detergent 
479 ADU/g detergent 
1080 ADU/g detergent 
1455 ADU/g detergent 



was used: 



20 



alkalinity (M): 
hardness (H) ; 
temperature : 



2.2 mmot/1 
1.6 mmol/i{9'GH) 
20* C 



25 



30 



Soil and stain removal from test clothes 



3S 



Load of the washing machine 

".s«™ ma«n« we,, .« a « c»«.s ».« 

^0 6 pieces of kitchen towel 
4 pieces of underwear 
4 bedsheets 



50 



55 
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Parameters of the washing process 


program 


40'C 


water in main wash 


191 


time to highest temperature 


15 min 


highest temperature 


43 'C 


washing time 


45 min 


water intake 


71 


temperature after sud dilution 


30 


drain 


171 


5 rinses with approx. 17 litres of cold 
water each 



The mean values of the remission (V) and the ratio (R) were determined after 8 washing 
results of two independant experiments are shown in the Tables 14A and 14B. 

20 

Removal of artificial soilings 



25 


Protease 


EMPA swatch no. 


Total 






Ill 


116 


117 




30 




V R 


V R 


V R 


V R 




PB92 protease 


. 49 1-00 


44 1.00 


56 1,00 


149 1.00 


35 


M216S 


49 1.00 


46 1.05 


58 1.04 


153 1.03 



40 



45 



SO 



55 
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Removal of artificial soilings 



10 



75 



20 



25 



Protease 


EMPA swatch noo 
111 116 117 


Total 


V R 


V R 


V R 


V R 


PB92 protease 

M216S 

M216Q 


41 1-00 
40 0o96 

42 loOl 


35 loOO 
33 0o94 
35 0-99 


46 1-00 

42 0o91 

43 0.94 


123 IcOO 
115 0-93 
120 0.98 



time 30 min, temperature 40 C). 

TABLE 15 



30 



25 



40 



Correlation betvveen 
real scale washing 
machine test and 
Launderometer 
washing test. 



Protease 


R/R 


PB92 protease 


LOO- 


M216S 


LIB 


M216Q 


1.10 


S160D 


1.02 


N2120 


0.98 


" by definition 



values 0. FVR' for mutant protease Cose to 1.0 indicate the =orreia«on o, real scale n.ac«ne tests and 
Launderometer tests. 



so 



EXAMPLE 12 



specmc activity. The figures in the diagram refer to the following mutant proteases. 



55 1 PB92 protease 

2 M216A 

3 M216C 

4 M216S 



25 
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5 M216L 

6 M216e 



7M216K 
8 M216H 
5 9 M216N 

10 M216Q 

11 M216P 
12M216T 
13M216W 

TO 14M216I 

15 M216G 

16M117L. H118D 

17M117U M216Q 

18Mn7U H118D, M216Q 
75 19 M117L, M216S 

20 M117L, H118D. M216S 

21 M169S 

22 M216Y 

23 Ml 69* I, M216S 
20 24M216-OX 

25N212S 

26 N2120 

27 S160G, N212D 

28 L211Y 

25 29 L211Y. N212S 

30 A166D. Ml 69! 

31 S259K 

32 W235R 

33 H243R 

30 34 H243R, S259K 
35D175N 

36 E134K 

37 W235R, S259K 

38 W235R, H243R 
35 39 S259K 

40 T207K 

41 Si SON 

42 S160Q 

43 S160P 
40 44 S160T 

45 sieoc 

46 S160Q 
47S160D 
51 S160I 

45 52S160G. M216S 
53S160G, M216Q 

54 S160L 

55 S160Y 

56 St 600. M216S 

50 57 G116V. Si 26V, P127E, S128K 48 S160K 

49 S160R 

50 S160A 

58 G116V. S126L. P127N, Si 28V 

59 GU6V, S126U P127Q. S128A 
55 60 G115V, S126V. P127M 

61 S126M, P127A, S128G 

62 G116V. S126Y. P127G. S128L 

63 Gliev. S126N. P127H, Si 281 
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70 



75 



64 G116V. S126H. P127Y 
65G116V.S126R,P127S. S128P 

66 G116V.S126F, P127Q 

67 G1 1 6V. SI 26G. P1 27Q. SI 281 
68G116V.S126F. P127US128T 

Claims. 
20 Claims 

An e„z,m..p,oducl a»pds« . — '"'•^-^e. ^^"^ SlS « 
•"f M eSl^'nSSc, according » .> .*id, »1C n,u« pr..e.l,»c enzv»„ Imp^ved 

""51*:^.' i^rcJ^cSzt c,^" 

-rr„rrprrri~.« o7rL.= . . d.H.ed ^ . 

amyloliquefaciens. wild-type gene encodes an amino acid 

following amino acid sequence: ^ ^ ^ ^ x/ x/ a \/ 1 n t r;-L<;.T.H-P-D-L-N-l-R-G-G- 

H.N-A-ls.V-P-W-G-.-S.R-V.Q-A.P-A-A-H-N-^^^^^^^ 
A-S-F-V-P-G-E-P-S-T-Q-D-G-N-G-H-G-T-H-V-A-G-T.^ 

A-S-G-S-G-S-V-S-S-WA-Q-G-L^^^^^^ 

^'1;. An en.y.e product. ..c. co.pHses a .... r'aS 
improved properties for application in detergents as """P^^*^;" 'Jfjf ^tion a^T ea^ one of amino 
acid sequency substantially the sequency of PB92 protease; and hav.ng a mutaUon at at least 
acidsllB. 126. 127. 128. 160. 166, 169. 212 and 216. =,mino acid 116 from glycine 

; 12. An enzyme product according to Claim 11. wf^erein said mutation .s at ammo ac.d 1 16. g 
to a higher molecular weight non-polar aliphatic amino acid. 



25 



30 



35 



40 



45 
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13 An enzvme product according to Claim 11. wherein a notation at amino acid 126 is from serine to 
any other non-Mroxylated amino acid: at amino acid 127 is to any other amino ac-d; and at ammo acd 

^''u!°reZe'tod?ct''according to Claim 11. wherein a mutation at amino acid 216 is from 
methionine to other than a sulfur containing ammo acid. . . 

15 An rnryme product according to Claim It. wherein a mutation at amino acid 160 .s to glycne or an 

anionic ^ino^^d^ ^^^^^^ ^^^^^^^^ ^ ^.^^^.^ ^ ^^.^^ ^.^ ,3 ^ 

""'Tr'^'enryme product according to Claim 11, wherein a mutation at amino acid 169 is to a non-polar 
""'frr°zyme product according to Claim 11. wherein a mutation at amino acid 212 is to an anionic 

""'Tg^'/iS' enzyme product according to Clam 11. wherein said at least one mutation is from a neutral 

amino acid to an anionic amino acid. ^..♦-,*;«n a* 

20 An enzyme product according to Claim 11. wherein said at least one mutation .s a mutation at 

ni t ^.d enzyme product has at least one additional 

"'Ta mtiTpSS^^^^^ to any one of Cms 1-21. wHich is ".cted f^^^^^^ 

of PB92 serine protease mutants consisting of IM216S]: (M216Q]: [N212D): [S160D]: [81603. N212D1. 
?S160D M2T6QI fSieOD M^^ [A1660. M1691]; (G116V. S126V. P127E, S128K]: [GII6V. S126G 
P127Q sS%i16^ S128V]: [G116V. S126U P127Q. S128A1: [G116V. S126V. P127M1: 

fGlieV S12 H P 27>n: tGll6V. S126R. P127S. S128P1: [Q116V, S126F. P127Q1: tG1l6V. S126F. P 27L. 
sT28?(;5liM JiSa^ P127A, S128G. 81600]: and (G116V. S126N. P127S. S128A. 

^^^S.^'a method for selecting a proteolytic enzyme having improved properties for application in 
detergents which comprises the steps of: ,u„„„f. 
mutagenizing a cloned gene encoding a proteolytic enzyme of interest or a fragment thereof, 
isolating the obtained mutant protease gene or genes; „„H,.rh-nn- • 

introducing said mutant protease gene or genes into a suitable host strain for expresswn and P^°duc6^on. 
recovering the produced mutant protease: and identifying those mutant proteases havmg improved prop- 
erties for application in detergents. ^ ^ ^ • — » ri^irr,* 1 92 
24. A mutant gene encoding a mutant proteolytic enzyme as defined in any one of Claims 1-22. 

25 An expression vector which comprises a mutant gene according to Claim 24. 

26 A prokaryotic host strain transformed with an expression vector according to Claim 25. 

27. A transformed prokaryotic host strain according to Claim 26, which is a Bacillus. 

28. A transformed prokaryotic host strain according to Claim 27. which is an alkalophilic 

29. A transfomied prokaryotic host strain according to Claim 28. which is Bacillus nov. spec. PB92 or a 

'""To.T'iSsfomied prokaryouc host strain according to Claim 27. which is selected from the group 
ccnsistina of B. subtilis. B. licheniformis and B. amyloliquefaciens . 

T A llfoWp7Hki;^5Srh55t stran-acco^ to any one of Claims 26-30. which is substantially 
incapable of producing extracellular proteolytic enzymes prior to said transformation 

32. A method of preparing a mutant proteolytic enzyme as defined in any one of Claims 1-22. which 
comprises cultivating, under appropriate femientation conditions, a host strain transformed with an expres- 
sion vector comprising a mutant proteolytic gene, and recovering said produced enzyme 

33. A detergent composition comprising one or more enzyme products according to any one of Claims 

^"^34. Use of one or more mutant proteolytic enzymes according to any one of Claims 1-22. in a detergent 

"""Sruse'of one or more mutant proteolytic enzymes according to any one of Claim 1-22. in a washing 
process. 0 
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FIGURE IB 
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FIGURE IC 
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FIGURE 2A 
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■ FIGURE 2B 
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FIGURE 3 
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FIGURE 4 



I — ^Pre 

-100 

ATGAAGAAACCGTTGGGGAAAATTGTCGCAACC 

MKKPLGKIVAS 

I ^Pro 

-90 I 

ACCGCACTACTCAmCTGTTGCnrrAOTC^^^ 



-70 

AAAGAAAAATATITAATrGGCmAATGAGCAGGMGCTGTCACTGAGnTGTAGM^^^ 
K EKYLIGFNEQEAVSEFVbU 



-50 /. 
GTAaAGGCAAATGACGAGGrCGCCATrCTCTCTGAGGAAGAGGMGrCGAMTrGAATTG 

VEANDEVAILSEEEE VEIEL 



CTrCATGAAmGAAACGATrCCTGTmAT??GTrGAGTTAAGcbcAGAAGATCT^^^ 
LHEF-ET IPVL SVELSPEDVU 



-10 

GCGCTTGAACrCGATCCAGCGATITCTrATATrGAAGAGGATGCAGMGTAACGACAATG 
ALELDPAISYIEEDA EVTTM 



-Mature 

10 



G^GCAATCAGTGCCATGGGGAAm^^ 



CGC 

A Q S 

40 

« ^/^*T^ A rpfT^n HA r>TP ATP r* AT 

TrGACAGGrrCTGGTGTA/> 



30 

\AAACrrGCTGTCCTCGATACAGGTATTTCCACTCATCCAGAC 
L TGSGVKVAVLDTGISTHPD 



50 60 



mAATATrCGTGGTGGCGCTAGCTTTGTACCAGGCGMCCATCC^^^^ 
LNIR GGASFVPGEPSTQDGN 



70 80 



GGGCATGGCACGCATGTGGCTGGGACGATrGGTGCmAAACAATTCGATTGGCGTrCTr 
GHGTH VAGTIAALKNSIGVL 
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FIGURE 4 (cont'd) 



90 



GGCGTAGCACCGAACCCGGAACtATAC^^ 



110 120 



xcggxca™^^^^^^ 

130 1'*° 

MmGAGTrrAGGAAGCCCTTCGCCAAGrGCCACACTTGAGCMGCTGTrM^^^^ 
NLSLGSPSPSATLEQAvno 

150 

ACTOTAGAGGCCrrrCTrcrrrGTAGCGGCATCTGGGAATrCAGCTGCAGG^^^^ 
TSRGV'LVVAASGNSGAGbis 

170 1^° 
TATCCGGCCCOITATGCCAACGCMTGGC^^^^^^ 

190 200 
GCCAGCrmCACACrATGGCCCAGGGOT^^^^^ 

210 220 
AGCACATACCCAGGITCAACGTATGCCAGCTrAAACGCTACATCGATC^^^^ 
STYPGSTYASLNGTSMAi rn 



VAGAAALV 



230 2U0 
GrrGCAGGrGCAGCAGCCCTTGTrAAACAAAAGAACCCATCTTGGTCCAATC^^^ 

250 260 
CGCAATCATCTAAAGAATACCGCAACGAGCTTGGGAAGCACGAACTTGTATGGAAGCGr^ 
RNHL KNTATSLGSTNLiu 



270 

CTrGTCAATGCAGAAGCGGCAACACGCTAA 
LVNAEAATREnd 
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